The goal of this research is to develop an experimentally validated twodimensional (2D) finite difference frequency domain (FDFD) numerical forward model to study the potential of radar-based tunnel detection. Tunnel detection has become a subject of interest to the nation due to the use of tunnels by illegal immigrants, smugglers, prisoners, assailants, and terrorists. These concerns call for research to nondestructively detect, localize, and monitor tunnels. Nondestructive detection requires robust image reconstruction and inverse models, which in turn need robust forward models. Cross-Well Radar (CWR) modality is used for experimentation to avoid soil-air interface roughness. CWR is not a versatile field technology for political boundaries but is still applicable to monitoring the perimeter of buildings or secure sites.
, where, in turn, ε c = complex dielectric permittivity = ε' -jσ e / ω, ε' = real dielectric permittivity, ω = angular frequency, μ = magnetic permeability, σ e = effective electrical conductivity, and 1 j . Equation (1) can be spatially discretized to the following form using a central finite difference
where a 170 × 200 rectangular uniform grid (with a grid size of Δx = Δy = Δ = 0.2 cm) is used.
Subscripts i and j represent the node number on the medium discretization grid in X and Y directions. As seen in Fig. 1 , the source was modeled as two 5.1-cm-long uniform arrays of unitmagnitude (|H z | = 1 Amp/m,) magnetic dipoles, located perpendicular to the figure page, vertically across the position of the transmitter antenna, three grid-sizes (0.6 cm) apart (i.e., two legs of each dipole array are 0.6 cm apart in the Z-direction, and the two dipole arrays are 0.6 cm apart in the Y-direction). The two vectors are at a 180º phase shift (i.e., opposite sign / direction) with respect to each other (i.e., the other 5.1-cm-long uniform dipole array). The actual dielectric properties of the saturated sand used in the FDFD simulation come from another work by the 
